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n Acute Ischemic Syndromes*
rancis J. Klocke, MD
hicago, Illinois
ecent studies (1–3) indicate that T2-weighted cardiovas-
ular magnetic resonance imaging (CMR) can retrospec-
ively identify the area at risk in acute myocardial infarction.
n this issue of the Journal, Abdel-Aty et al. (4) explore the
ossibility that T2 imaging can identify areas of ischemic
yocardium before irreversible injury has occurred.
See page 1194
ackground. The use of magnetic resonance to identify
reas of recent myocardial injury was originally investigated
n the 1980s, using myocardium examined ex vivo in
mall-bore or relatively low-strength magnets. Several early
ndings remain pertinent to current applications:
. T2 (transverse magnetization) relaxation times are in-
creased systematically in acutely infarcted myocardium (5).
. Increases in T2 relaxation time following coronary ligation
tend to be augmented by reperfusion, sometimes markedly
so, and can persist for days to weeks (6–8).
. Areas of increased T2 signal are usually larger than the
zone of infarction but comparable to the total at-risk
zone defined autoradiographically (9) or using fluores-
cein staining (8).
. T2 signal intensity is importantly (though not exclu-
sively) related to myocardial water content. In early
studies, increases in water content following acute in-
farction averaged 3% to 5% in nonreperfused infarcts
(5,7) and as much as 28% in reperfused infarcts (7).
volving technology. Although the feasibility of in vivo
2-weighted imaging of injured areas was also demon-
Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or the
merican College of Cardiology.
From the Feinberg Cardiovascular Research Institute and Department of Medicinet
Division of Cardiology), Feinberg School of Medicine, Northwestern University,
hicago, Illinois.trated in the 1980s (10), systematic studies awaited the
evelopment of improved scanners and imaging sequences.
s cogently reviewed by Abdel-Aty et al. (11), T2 imaging
echnology has improved greatly during the past 10 to 15
ears. Multiechocardiographic techniques can now provide
igh-resolution, black-blood images of the heart with im-
roved blood and fat signal suppression in a single breath-hold.
mproved signal intensity correction algorithms have facilitated
he use of phased array surface coils. “Hyperintense” areas on
2-weighted images are often identified using a pre-selected
hreshold difference in signal intensity between affected and
emote myocardial regions rather than visual analysis.
Despite these advances, relatively small differences in
ignal-to-noise ratio between injured and normal myocar-
ium remain challenging. Although increases in T2 are
hought primarily to reflect local edema, increases in myo-
ardial water content can be quite small, for example, 1.8 
.9% in the current study of Abdel-Aty et al. (4). Inflam-
atory responses and the location of edema (intracellular vs.
nterstitial) may also influence signal intensity. The most
roublesome pitfall in image interpretation continues to be
ncomplete suppression of blood signal in areas of slow flow.
s illustrated in Figure 4 of the Abdel-Aty et al. study (4),
his often mimics subendocardial signal enhancement. Ar-
as of low T2 signal within an infarction (perhaps related to
no reflow”) and inadequate windowing of low contrast-to-
oise images during visual analysis can also be problematic.
rea at risk in acute infarction. Experimentally, Aletras
t al. (1) and Tilak et al. (2) at the National Heart, Lung,
nd Blood Institute have demonstrated that hyperintense
ones on in vivo images obtained 2 days following mid-left
nterior descending coronary occlusion accurately define the
schemic area at risk retrospectively in both reperfused (1)
nd nonreperfused infarctions (2). In both situations, the
rea at risk systematically exceeded infarct size measured by
riphenyltetrazolium chloride staining. Contrast-to-noise
atios, defined as the differences in signal-to-noise ratio
etween areas at risk and remote myocardium, averaged 2.9
nd2.1 in reperfused and nonreperfused infarcts on day 2,
ut did not differ in reperfused infarcts reimaged at 2 months.
Clinically, Friedrich et al. (3) have reported that the
roportion of an area at risk that has been irreversibly
njured in acutely reperfused infarction can also be as-
essed retrospectively by comparing T2-weighted and
ate-gadolinium-enhancement CMR images. In success-
ully reperfused patients studied within a few days after the
cute event, areas at risk identified with T2 imaging were
onsistently transmural and exceeded areas of irreversible
njury defined by late-gadolinium-enhancement CMR by
6  11%. Abdel-Aty et al. (12) have also reported that the
resence or absence of increased T2 signal can differentiate
cute and chronic myocardial infarction.
Thus, state-of-the-art T2-weighted imaging is a valuable
merging tool for identifying areas at risk in acute infarc-
ion. It appears to have particular value in studies of
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April 7, 2009:1202–3 T2-Weighted CMR in Acute Ischemic Syndromesyocardial salvage and may also prove helpful in patients
resenting late after the onset of infarction in whom
mmediate revascularization is not an obvious choice (13).
schemia without apparent infarction. In their present
tudy, Abdel-Aty et al. (4) report that visually detectible
hanges in T2 signal intensity developed 28  4 min
ollowing mid-left anterior descending coronary occlusion
n open-chest dogs. Reperfusion was instituted as soon as
ncreased T2 signals were identified but continued only until
lood troponin sampling and repeat CMR imaging could be
erformed. Contrast-to-noise ratios were higher than in
ther studies but were calculated slightly differently and
erived from regions of interest drawn within areas of
aximal T2 signal intensity in the ischemic zone. In the
bsence of both late gadolinium enhancement and troponin
levation during reperfusion, Abdel-Aty et al. (4) conclude
hat T2-weighted imaging can detect acute myocyte injury
efore the onset of irreversible injury. The conclusion does
resume that troponin elevations and/or late-gadolinium-
nhancement CMR can identify myocardium committed to
rreversible injury during the earliest stages of reperfusion.
As Abdel-Aty et al. (4) carefully point out, their findings
emain subject to practical as well as technical limitations
nd are not easily extrapolated to situations other than
udden coronary occlusion. The profound degree of isch-
mia following sudden occlusion caused immediate contrac-
ile dysfunction, while the concomitant T2 abnormality
ecame apparent only 20 to 40 min later. The utility of
2-weighted imaging in cases of less severe ischemia, and
horter durations or repetitive episodes of ischemia, remains
o be established. In a study of infarctions induced by septal
rtery embolization in patients with hypertrophic cardiomy-
pathy (14), increases in T2 signal could not be detected1
following embolization but were present consistently at 3
o 28 days. In a recent emergency department study of
MR in chest pain patients presenting with normal bio-
arkers and electrocardiograms (15), the addition of T2-
eighted imaging was sometimes helpful in identifying
ngoing ischemia and in distinguishing between recent and
emote infarction.
As efforts to improve T2-weighted imaging continue
16), even modest additional advances may substantially
ncrease the value of this modality in ischemic syndromes.
eprint requests and correspondence: Dr. Francis J. Klocke,
partment 5102, 950 North Michigan Avenue, Chicago, Illinois
0611-7532. E-mail: f-klocke@northwestern.edu.
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